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It  was  shown in a  previous  communication (1)  that  following the  intra- 
parotid  inoculation of  monkeys  (M.  mulatta)  with the  virus  of  mumps, an 
antigen is produced in the gland which reacts with an antibody in the serum of 
monkeys convalescent from the infection to bring about the fixation of com- 
plement.  The antibody was not found in normal animals.  These observations 
led us to determine whether mumps in the human being gave rise to a  similar 
antibody during convalescence.  In  the  present  report  the  results  of  com- 
plement fixation tests in mumps are summarized. 
In addition is presented a record of observations on the developmentin  man 
following this disease of dermal hypersensitivity which has been revealed by 
the  injection of ,heat-inactivated virus.  The  demonstration of  an  allergic 
response is of interest since it may furnish a  convenient means of determining 
susceptibility or resistance to the virus. 
Materials and Methods 
Sera for Complement Fixation Tests.--Whenever  possible specimens of sera were obtained 
from patients as soon as the clinical diagnosis of mumps was 'established.  x  Subsequently, 
at various intervals, an additional specimen or specimens were procured.  Using as  antigen 
a suspension of infected parotid gland of the monkey, complement fixation tests were carried 
out according to the technique which has been described (1).  The sera were heated at 60°C. 
for 20 minutes unless they proved anticomplementary when the method of double  heating 
was employed.  Whenever possible all the sera derived from one individual were tested at 
the same time. 
* These investigations have been carried out in part as projects of the Commission on 
Measles and Mumps, Board for the Investigation of Influenza and other Epidemic Diseases, 
Preventive Medicine Service, Office of the Surgeon General, United States Army, and under 
a  contract recommended by the  Committee on Medical Research, between  the Office of 
Scientific Research and Development and Harvard University. 
t Many of the persons from whom sera were obtained were patients at the Haynes Memorial 
Hospital, Boston.  We desire to thank Dr. Conrad Wesselhoeft and various other members 
of the staff of this institution for their assistance in securing these specimens.  A  number 
were also procured from patients at  the  Children's Hospital,  Boston, by Dr.  Charles A. 
Janeway and other members of the staff to whom we are also grateful for  their assistance. 
We wish to acknowledge the important contribution to this study of Mrs. Jeanette H. Levens 
and Miss Beatrice Payson who carried out the technical procedures. 
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Materials Employed in the Skin Test.--Two materials were employed in the test for dermal 
hypersensitivity.  They were prepared in the following manner. 
The Test Material.--A suspension consisting of 1 part of infected monkey parotid gland 
in 29 parts of 0.85 per cent sodium chloride solution was heated at 65°C.  for 20 minutes. 
The pH of the suspension usually was found to be approximately 6.7-6.9.  If the reaction 
was more alkaline,  sufficient 0.1  1~ hydrochloric acid was added  to  adjust the reaction to 
about pH  6.7. 
The large  floccular precipitate which formed was  removed by  centrffugation.  To  the 
slightly opalescent supernatant fluid, sufficient salt solution was added, if required, to obtain 
the calculated concentration of antigen as determined by titration (see below).  As a preserva- 
tive 95 per cent phenol was then added to give a  final concentration of the acid of 0.5 per 
cent.  The material was transferred to  small sterile vials and stoppered.  The usual tests 
for bacterial sterility under aerobic and anaerobic conditions were carried out on the crude 
saline suspension before heating, and on a  sample drawn from each of the small vials.  As 
an additional control 0.1  ml. of the bulk supernatant fluid was injected intraabdominally 
into each of 2 mice which were kept under observation for 10 days. 
Only glands yielding titers of antigen of 1 : 150 (endpoint of complete fixation of  comple- 
ment) or greater were employed (1).  Titrations in suitable individuals have indicated that 
when material of high titer is available, the heated suspension can be diluted with salt solution 
so that the  concentration of  complement-fixing antigen, as  determined before heating,  is 
four times the smallest quantity required to give complete fixation of complement. 
The Control Material.--A 1:30 suspension of the parotid gland of a  normal monkey was 
prepared by exactly the same procedures as have been described for the preparation of the 
suspension of infected gland.  To the supernatant fluid after it was heated,  sufficient salt 
solution was  added  to  render  the  concentration of  monkey protein which remained after 
heating, equivalent to that of the material prepared from the infected gland. 
It has been our recent practice to employ in the preparations of these materials only the 
glands which have been obtained from monkeys that have been shown to be tuberculin- 
negative by the method described by Kennard and his associates (2).  We have considered 
this precaution desirable since animals have been encountered in which tuberculous infection 
of the parotid was observed. 
The Skin Test.--In  testing for the presence of dermal hypersensitivity 0.1 ml. of the test 
material is injected intradermally into the mid-flexor surface of the right arm and 0.1  ml. 
of the control material into the same area of the left arm.  The sites of injection are examined 
after 24 hours and again after 48 hours.  When the individual is hypersensitive to the test 
material, an erythematous area varying from about 1 cm. to 6 or 8 cm. is observed.  The 
average reaction is about 2  cm.  in diameter.  It is usually at  the fastigium between the 
24th and 36th hours after injection.  After 48 hours the erythema in most instances rapidly 
fades.  Accompanying the erythema there is usually slight but definite edema immediately 
about the site of the injection.  In a very large proportion of the individuals which have been 
studied no reaction has been observed at the site of the injection of the control material. 
When reactions have occurred the erythema has generally tended to disappear sooner than 
that induced by the test material.  Additional details concerning the skin test will be given 
in a subsequent communication (3). 
Development  of Complement-Fixing Antibody Following Mumps 
Emergence  of the Antibody.--In Table  I  are presented  the titers  of  comple- 
ment-fixing  antibody  obtained  for  the  sera  taken  from  37  individuals  who 
underwent  typical  attacks  of  mumps.  In  certain  cases  an  orchitis  was  a 
complication.  The  convalescent sera of  10 individuals are also included from TABLE  I 
Complement  Fixation  in  Mumps  (Human  Beings) 
Patient 
Ac 
Ale, E 
Ale, W 
All 
An 
An, E 
Ar 
Bu 
Ch 
Col 
Con 
Cop 
Cu 
D'A 
Dec 
DeG 
Den 
Ed 
F1 
Go 
Ham 
Hark 
Hart 
Hu 
jo 
Lig 
Lin 
Mai 
Mar 
McLa 
McLe 
Mob 
Mori 
Mors 
Mort 
On 
Pays 
Ro 
Sc 
Sk 
To 
Va 
Wald 
Walk 
Wal 
We 
Wh 
Acute serum 
drawn, 
days  after  onset 
1 
4 
4 
4 
5 
5 
2 
1 
4 
Day of onset 
1 
3 
4 
4 
1 
4 
1 
5 
1 day before 
I 
1 
i 
5 
2 
2 
2 
6 
3.5 days before 
1 
3 
1 
1 
2 
1 
3 
1 
1 
Titer 
convalescent 
phase 
6144 
>24<96 
384 
0 
128 
384 
>256 
96 
384 
256 
1536 
>384 
96 
384 
96 
1536 
96 
512 
384 
>192<384 
512 
192 
384 
1536 
3072 
96 
>96<384 
768 
>128<25E 
>128<256 
384 
48 
0 
1024 
540 
256 
>1536 
192 
96 
96 
384 
384 
24 
1536 
1536 
>96<384 
256 
Conv~ 
lescer 
serun 
draw~ 
days  ed 
onse~ 
19 
52 
14 
6 
26 
14 
9 
10 
9 
17 
12 
12 
12 
36 
12 
23 
12 
10 
18 
11 
24 
7 
5 
16 
10 
13 
2O 
6 
10 
20 
24 
15 
7 
10 
4 
30 
23 
9 
12 
25 
7 
15 
Remarks 
Typical mumps 
t~  ¢c 
~c  ct 
gt  gc 
~c  ~c 
~c  cc 
~c  cc 
~  cc 
~  cc 
~c  ~c 
¢¢  ¢c 
~  cc 
~¢  ~c 
c~  c~ 
c~  cc 
~  cc 
c~  c~ 
c~  ~c 
ic  c~ 
c~  cc 
cc  ~¢ 
c¢  c~ 
(c  cc 
cc  ¢~ 
cc  ~c 
¢~  cc 
~c  ~c 
cc  Ic 
encephalitis 
orchitis 
orchitis 
orchitis 
bacterial  menln- 
gitis 
orchitis 
* rid, not done. 
~t The figures denote the reciprocals of highest final dilutions of serum before the addition 
of sensitized cells giving "1-4-" or "2-t-" fixation of complement. 
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whom specimens  were not obtained  during  the  early stages  of the  infection. 
It  is  apparent  that  in  every  instance  in  which  2  specimens  were  available, 
either complement-fixing antibody was not present in the acute stage or, if so, 
was present in low concentration.  It is equally clear that in all but 2 instances 
tests  on the serum drawn within  5  to 26 days after  the onset either revealed 
the appearance of the antibody for the first time or marked  increases  in the 
amount of this factor.  Since the titers of the convalescent sera from 10 patients 
from whom no specimen was taken during the early acute stage are high and 
since the clinical picture was typical of mumps, it is reasonable to suppose that 
had samples been secured earlier, they would have exhibited the same phenom- 
TABLE II 
Daily  Complement Fixation  Tests on Mumps Patients 
Date seraobtained 
Name 
Date 
onset 
diseas¢ 
Cr  4/30 
Ea  4/30 
Ga  4/30 
Hi  4/29 
Jo  4/29 
La  4/30' 
Og  4/30 
Payn  5/1 
Pi  4/29 
Sp  4/29 
Wo  4/30 
5/1 
24"i 
0 
0 
0 
0 
0 
24i 
07 
0 
0? 
0 
8/2 
24? 
0 
0 
24i 
0 
0 
ac 
>48p 
0 
0? 
0 
s/3  5/4  s/5 
192  192  !I28 
0  0  0 
+?  48i1  24 
192  192  !  48 
48p  48p  24 
48F  48pi  0 
128  128  192 
~48~  48  48 
0  19~  0 
128  48 
12i  48  ]  48 
I 
s/6 
192 
0 
48 
384 
24 
0 
192 
48 
0 
192 
192 
5/7  5/8 
192  384 
0  0 
48  >48 
384  768 
0  O? 
0  O? 
384  384 
192  192 
0  0 
192  192 
128  384 
519  5111 
384  384 
0  0 
>48  1536 
768  1536 
0  24 
48pi  768 
128  192 
384  384 
0  24 
384  768 
384  768 
* The figures denote the  reciprocals of  highest  final  dilutions  of  serum 
dition of sensitized cells giving "1+" or "2+" fixation of complement. 
i, incomplete fixation of complement. 
p, prozone noted. 
ac, serum ant[complementary. 
5/1~15/1  ~  s/l~ 
7681 15361 768 
1~81 1~s1>-~ 
15361 15361 1536 
3072] 30721 1536 
384  /  7681 384 
768 i  768  384 
7681  768  /  768 
768  1536  768 
384[  nd  1>192 
1536  1536  1536 
30721 nd  [  768 
pefore the ad- 
ena.  This supposition will be given further support by the data to be presented 
below.  It may be concluded, then,  that just as in monkeys experimentally 
infected with the virus, so in the human being the natural disease regularly 
induces the formation of antibody or leads to an increase in that which is al- 
ready present. 
The Occasional  Presence of Antibody  at the  Time  of Onset or Shortly  There- 
afier.--The occurrence in some cases of antibody during the early acute phase 
appears somewhat  paradoxical, since it might be expected that at the onset 
such persons, who presumably had not previously encountered the virus, would 
not have had this factor in their serum.  The most probable explanation for 
the phenomenon is to be found in the fact, established by the data recorded 
for case 2  2 and for certain of the individuals mentioned in Table II, that anti- 
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body may emerge practically at the time the symptoms of parotitis are first 
observed.  In case 2, for example, no antibody was demonstrated in 3 specimens 
of the serum  taken before or during the  incubation period,  but  on the day 
following the recognition of the disease, the complement fixation test became 
positive. 
Variation  in Titer  of Antibody  in Different Individuals.--From  Table I  it is 
apparent that the convalescent titer 2  to 3  weeks after the onset is usually 
between  1:384 and  1:1536.  Rarely, at  this time,  the  titer does not exceed 
1:96.  It is also an uncommon event to obtain titers greater than 1:1536; the 
highest which has been recorded (1 : 12,288)  occurred in the serum of a patient 
with  encephalitis  and  orchitis  who  exhibited  minimal  involvement  of  the 
salivary glands. 
It will be observed (Table I) that the difference in the titers characterizing 
the various  convalescent sera  is  considerable.  Most probably this  is  to be 
attributed to variation in the response of the individual to antigenic stimula- 
tion, although it is evident that the specimens were not all collected at the same 
period of the convalescence. 
Time of the Appearance  of Antibody.--To  define more exactly the time at 
which antibody made its appearance following the first recognizable symptoms 
of mumps, samples of serum were obtained daily during a  period of 14 days 
from 11 adult male patients at Camp McCoy3  The antibody concentration 
of each specimen was determined.  The results are recorded in Table II.  It 
will be seen that there is considerable variation in the time at which the anti- 
body  was  first  discerned.  In  3  individuals  a low  fiter  characterized  by 
incomplete fixation was obtained on the 2nd day of the disease.  In the remain- 
ing 9 patients negative or questionably negative tests were recorded at this time. 
Of these, 3 patients developed antibody on the 4th day, 3 on the 5th day, 1 on 
the 12th day, and 1 on the 14th day.  By the 14th day following the alleged 
onset in every instance large amounts of antibody were demonstrated.  These 
findings are in accordance with nearly all other similar observations which we 
have made.  Thus it may be stated that in many instances antibody can be 
detected within 5 days after the onset and in nearly all cases the antibody be- 
comes manifest or reaches a  high concentration in the serum within 2 weeks 
after the beginning of the disease. 
There have been infrequent exceptions, however.  For example, the sera of 
An and E. Ale mentioned in Table I did not become positive until much later; 
in the former no antibody was found until the 26th day and in the latter it 
was absent after 4 weeks but was present after 9 weeks.  It is notable that in 
both these individuals the titer was also relatively low. 
Atypical Antibody Reactions Characteristic of the Early Stages of the Immuno- 
logic Response.--The  data included in Table II reveal an interesting serologic 
phenomenon which was not encountered with convalescent monkey sera.  In 
3 We are much indebted to Major Aims C. McGuinness who collected this material. 124  m-Mtmrry IN ~IrM~S.  II 
titrations  of  several  of  the  earlier  daily  specimens  from  Ga,  Jo,  La,  and 
Payn,  a  serie~ of serum dilutions  exhibiting  incomplete fixation  were noted. 
In none did complete fixation occur.  There was also evidence of a prozone as 
indicated by the failure of the lower dilutions  to fix as much complement as 
those in which the concentration of serum was less.  Partial fixation with pro- 
zone has only been seen at the time antibody first makes its appearance and 
shortly thereafter.  At this time, however, it has been observed so often that 
we have come to regard it as an indication of recent infection in those cases 
where  the  clinical  diagnosis  has  been doubtful.  In  this  connection  it  is  of 
interest to state that the sera of convalescent monkeys have never exhibited 
this behavior. 
One further point  requires  comment in  respect to  the  results  recorded  in 
Table II.  In patients Jo and La antibody appeared soon after the onset, but 
in low concentration and in each the prozone effect was discernible.  In speci- 
mens of serum taken a few days later no definite indication of the antibody was 
obtained.  Subsequently  it reappeared, however, again in  low concentration 
attended  by the prozone phenomenon,  after which  the usual high  level was 
quickly attained.  It is suggested that at the time the antibody disappeared 
the virus either attacked new areas of tissue or otherwise increased to an amount 
sufficient to neutralize the small quantity of antibody which had been originally 
produced.  This conception receives some support from the fact that in patient 
Jo both submaxillary glands were observed to be enlarged for the first time on 
May 8th, that is, a day after the antibody had disappeared.  In the case of La, 
in whom the right parotid was first involved, the left parotid showed enlarge- 
ment for the first time on May 5th when the antibody, after its initial appear- 
ance, had again vanished. 
The Persistence of Antibody Following Recovery.--It  remained  to  ascertain 
how long  the  antibody might persist following recovery.  Four  cases which 
occurred in Boston have been followed for a  period of 20 months to 2 years. 
The titers of sera taken early in convalescence together with  those obtained 
from specimens recently drawn are given below.  Three of these individuals 
still retained  antibody in  their serum but  the  concentration  had  fallen  to  a 
level similar  to  that  found  in  many normal  individuals  (4). 
Date early  "liter early  Date last  Titer last 
convalescent  convalescent  specimen  specimen 
serum  serum  serum  serum 
Ac  8/24/42  6144  4/ 5/44  48 
Ed  4/ 2/42  512  3/21/44  0 
On  3/26/42  256  3/21/44  48 
Wal  8/ 9/42  1536  4/ 5/44  48 
Although  the  number of  observations is  small,  4 they  indicate  that antibody 
may persist in low titer for at least 2 years following an attack of mumps.  Its 
4 Additional data  of this sort will be found in the results from a  study  of  experimental 
mumps in  the  human being  undertaken  in  connection with  the  production  of  active  im- 
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persistence, however, is not universal.  These facts are of importance in eval- 
uating  the significance of the  presence of antibody which has been found in 
the  sera  of many  normal  persons  although  they have  never experienced a 
known attack  of the disease (4). 
The  Specificity  of the  Antibody.--The  demonstration  that  the  antibody 
appears in most instances regularly and promptly after the onset of typical 
epidemic  parotitis  and  persists  for many  months  following recovery is in 
itself fairly satisfactory evidence for the specific nature of the complement 
fixation test.  In  addition,  however,  the examination of  a  number of sera 
taken  during  the acute  and  convalescent phases  of certain other diseases 
has,  so  far at least,  shown no changes  in the results  of  the test.  Among 
these diseases were measles,  influenza, lymphocytic choriomeningitis, cervical 
adenitis, acute sinusitis, and nasopharyngitis  of  unknown origin.  Although 
it is true that this list is not extensive, it is sufficient to show that the antibody 
associated with mumps does not appear de novo nor does  it increase in amount 
merely as a result of infection by certain unrelated agents. 
The Development  of Dermal Hypersensitivity  Following  Recovery from Mumps 
The revelation of antigen in considerable amount within the infected parotid 
of the monkey and the demonstration of its stability at temperatures sufficient 
to inactivate viral activity (1) suggested that this material might react in vivo 
as  well as in vitro with  the  specific antibody.  Intradermal injection of the 
antigen, however, into convalescent monkeys failed to induce any recognizable 
inflammatory reaction.  Similar inoculations were then carried out in a  few 
human beings in whom antibody had been shown to be present and who gave a 
history of mumps.  In these persons an area of erythema and slight  edema 
was observed after 24 hours at the site of injection which did not occur following 
the inoculation of material derived from the parotid glands of normal monkeys. 
Conversely in certain individuals who possessed no antibody and who denied 
having experienced an attack of mumps, no reactions were observed following 
the inoculation of either the infected or normal parotid suspensions.  These 
preliminary observations indicated that in man, unlike the monkey, an allergic 
state might exist which appeared to be correlated with a previous contact with 
the virus.  Systematic studies on large groups of people have been completed. 
The  results  will  be  presented  in  another  communication  (3).  These  early 
experiments have here been  briefly described since  they led  to attempts  to 
obtain direct evidence for the dependence of the hypersensitive state on infec- 
tion with the virus by noting the results of repeated skin tests in persons before, 
during, and after an attack of mumps. 
In the following protocols is recorded the pertinent information derived from 
a study of 7 individuals who, with 1 exception, experienced the typical disease. 
Their allergic status was determined by means of the skin test either before the 
onset or during the early acute stage and later at various intervals.  Repeated 
complement fixation tests were also done. 126  I~NIT¥  n,~ mY~PS,  r~ 
Case/.--Pays, an adult, 29 years of age, at present a technician, began to handle the virus 
of mumps July  1,  1943.  She had previously acted as departmental  secretary  for several 
years.  During part of this time, that is from January,  1942, investigations on mumps had 
been going on in the laboratory which she had entered from time to time, but she had no direct 
contact with the virus until July,  1943.  At various times, as indicated below, her serum 
was tested for antibodies.  A skin test was also done.  On October 26,  1943, she accidentally 
contaminated her mouth with an infected parotid suspension of the llth monkey passage. 
A part of the material was swallowed and the rest rejected.  On the 7th of November, the 
left parotid  gland on palpation was found  to be  somewhat enlarged.  The following day 
increasing enlargement of this gland was noted and the patient was definitely febrile.  Sub- 
sequenfly involvement of the right parotid, both submaxiUaries,  and the sublingual glands 
occurred.  There was marked edema of the lower portions of the face.  The temperature at 
its highest was 103°F. on the 3rd day of the disease.  Complete disappearance of the swelling 
did not occur until the end of the 2nd week.  After recovery specimens of the serum were 
collected and a  skin test was done. 
Tier 
Complement-fixing 
Date  antibody 
4/  3/42  0 
7/17/42  nd 
10/15/a  0 
11/25/42  0 
12/16/42  0 
7/19/43  0 
10/ 4/43  0 
10/26/43  nd 
11/  7/43  nd 
11/  8/43  nd 
11/23/43  1536 
12/21/43  3072 
1/18/44  3072 
1/19/44  nd 
1/26/44  1536 
2/21/44  1536 
3/22/44  768 
5/18/44  1536 
6/20/44  1536 
7/31/44  1536 
8/28/44  1536 
Skin test negative. 
Remarks 
Comment.--This episode has several points of interest.  It illustrates the occurrence of 
mumps in a  person with negative complement fixation tests repeatedly demonstrated  over 
a  relatively long period of time before exposure.  It also suggests strongly that  intimate 
contact with the virus is essential in order to establish an infection.  Thus it will be observed 
that although the patient frequently entered the laboratory where the virus was constantly 
present for 2 years before she came to work as a technician and that after beginning work she 
handled  the virus daily, infection did not occur until it was actually introduced into the 
mouth.  The reversal of the skin reaction from negative to positive strongly suggests that 
dermal hypersensitivity developed as a result of the disease.  Since the negative test, how- 
Skin  test:  strong  reaction,  3.3  X  1.8  cm.,  control  negative. 
Accidental infection with 10 per cent suspension infected parotid 
gland, llth monkey passage. 
Slight swelling left parotid. 
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ever, was obtained over a  year before the illness occurred, it is,  in this case, impossible to 
be entirely certain of the relationship between these phenomena.  The persistence of anti- 
body at a high level for the relatively long period of 8 months is unusual.  Possibly this may 
be due to frequent reinfection in the laboratory.  The individual described as case 7, how- 
ever, has not maintained a  high level although she also has been in constant contact with 
the  virus. 
Case 2.--We, adult, age 19, medical student.  The record of this individual was as follows:-- 
"liter 
Complement-fixing 
Date  antibody 
1/26/44  o 
1/31/44  nd 
21 1144  o 
2/15/44  0 
2/17/44  nd 
2/18/44  36, prozone 
2/20/44  nd 
2/22/44  192 
2/28/44  1536 
3/17/44  nd 
3/27/44  nd 
3/29/44  1536 
4/28/44  nd 
5/  8/44  192 
6/2/44 
Remarks 
Exposed  to wife who had  developed typical  mumps. 
Skin test: negative. 
Left parotid markedly enlarged. 
Definite  swelling  of  the  left  testis  and  pain.  Temperature 
101 ° F. 
Skin test: negative. 
Skin test: probably negative. 
Skin test: doubtful reaction, probably negative. 
Skin test: negative. 
nd  Skin test: erythema 2 X  2 cm., control negative. 
Comment.--These  data are of interest from 2 points of view.  The complement fixation 
test was found to be negative just before exposure and twice during the incubation period. 
Antibody, however, was found 1 day after the onset and 3 days after the last negative test. 
The titer rose rapidly thereafter.  These findings afford positive evidence in support of the 
hypothesis advanced above to explain the presence of low or moderate titers which are en- 
countered not infrequently early in the disease.  In respect to the development of hyper- 
sensitivity, we have here definite evidence that the heated antigen failed to cause any reaction 
in the skin just before the attack and on several occasions thereafter.  Indeed, the skin test 
did not become positive until some time between the 3rd and 4th months following recovery. 
Case 3.--Wal,  adult  male, age 22,  medical student. 
Titer 
Complement-fixing 
Date  antibody  Remarks 
6/23/42  nd  Exposed to mumps. 
7/1/42  0 
7/3/42  0 
7/15/42  nd  Bilateral parotit~s  observed. 
7/18/42  0  Skin test: negative. 
8/  5/42  nd  Skin test: erythema  1.8  X  1.8  cm., control negative. 
8/  9/42  1536 
41 5144  48 
Comment.--In  this individual the skin test was shown to be negative 3 days after the onset. 
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established.  The rapidity with which this occurred is to be contrasted with that  of case 
2 and case 5. 
Case 4.--Mort, adult male, age 23,  medical student.  No known exposure to mumps. 
Titer 
Complement-fixlng 
Date  antibody  Remarks 
2/10/44  nd  Bilateral parotitis. 
2/12/44  96  Skin test: negative. 
2/16/44  96 
2/18/44  nd  Skin test: erythema 2.5  X  2.5 cm., after 10 hrs.  No reaction after 
24 hrs. 
2/21/44  nd  Skin  test:  negative.  No indication  of accelerated reaction. 
2/29/44  nd  Skin  test:  erythema  1.4  X  2.1  cm.  Control negative. 
3/1/44  540 
6/  3/44  nd  Skin test: erythema 3  X  2 cm., diffuse  redness and slight swelling, 
control negative. 
Comment.--Again the hypersensitive state appeared relatively early but evidently tended 
to become more intense  since  the reaction obtained  about  4  months after  the illness was 
more severe. 
Case 5.--W. Ale,  adult  male,  age  about  25. 
Titer 
Complement-fixing 
Date  antibody  Remarks 
3/25/44  nd  Onset parotitis. 
3/27/44  nd  Skin test: negative. 
3/29/44  384 
4/12/44  384 
6  /2/44  nd  Skin test: negative. 
7/  6/44  nd  Skin test: erythema 3 X  2 cm., control negative. 
Comment.--Dermal hypersensitivity did not develop until approximately 3 months after 
the disease, although complement-fixing antibody had been present for at least 2 months. 
Case 6.--E. Ale, adult female, age about 23.  Exposed to case 5. 
Titer 
Complement-fixing 
Date  antibody  Remarks 
4/11/44  nd  Parotitis. 
4/12/44  0 
4/13/44  nd  Developed signs of meningoencephalitis. 
4/17/44  0 
4/27/44  nd  Skin test: negative. 
5/11144  0 
6/  2/44  48  Skin test: negative. 
7/  6/44  nd  Skin test: erythema 3 X  3 cm., control negative. 
Comment.--As in the case of her husband  (case  5)  the development of hypersensitivity 
was  delayed.  The  appearance  of  complement-fixing  antibody  was  also  much  retarded. 
Possibly the complication of encephalitis may in some way be related to these phenomena. 
Case 7.--Le.  Adult  female,  age  25.  Laboratory  technician  engaged  in  carrying  out 
mumps complement fixation tests.  No history of mumps.  Began working with the virus 
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She has not exhibited  definite  clinical signs of mumps.  A  slight  indisposition, however~ 
occurred about the 15th of August,  1942, characterized  by a feeling of malaise and some 
slight sensation in the left parotid, but enlargement of the gland was not apparent on palpa- 
tion.  Two intradermal  tests have been carried out. 
Titer 
Complement-fixing 
Date  antibody 
7/16/42  0 
7/22/42  0 
8/3/42  nd 
9/24./42  0 
10/15/42  96 
10/26/42  nd 
12/17/42  192 
12/22/43  96 
6/22/44  12 
Remarks 
Skin test: negative. 
Skin test positive, 2.4 )< 2.6 cm., control negative. 
Comment.--The combined results of skin testing and complement fixation tests  together 
with  the essentially  negative  history strongly  suggest  that  this  individual  underwent  an 
inapparent  infection  with  the  virus  which  probably occurred during  September  or early 
October.  The  prolonged  interval  between  the  August  episode and  the  development  of 
antibodies makes it unlikely that the indisposition was a very mild mumps, although in view 
of the long interval required for the development of antibody in case 6, this possibility cannot 
be excluded. 
Skin Sensitivity Dependent upon Previous Infection.--Inspection  of the data 
derived from the study of these 7 patients will show that several facts appear to 
have been established  from which certain conclusions may be drawn.  In the 
first place, it is evident that in none of the 6 individuals in whom mumps was 
clinically discerned did a  skin reaction follow the intradermat injection of the 
inactivated virus before the disease became manifest or during the acute stage. 
Eventually all of them responded to the inoculation of this material with ery- 
thematous reactions which did not develop at the sites of the control injections. 
Apparently,  then,  as  a  result  of the  disease,  the  epidermal  tissue  acquires  a 
capacity to react either to the inactivated virus or a  factor associated with it. 
Thus the person who has undergone an attack of mumps becomes hypersensi- 
tive to the virus or its products in a manner analogous to him who has become 
infected  with  tubercle  bacilli  or the  viruses  of vaccinia or lymphogranuloma 
venereum.  A  similar phenomenon has recently been described in the case of 
influenza by Beveridge and Burnet  (6). 
Variation in Time at Which Hypersensitivity  is Established.--It is also obvious 
that there is a  marked individual variation in the interval between  the onset 
of  symptoms  and  development  of hypersensitivity.  Thus  in  patient  Mort 
(case 4) a positive reaction was obtained after 1 week, in patient Wal  (case 3) 
after 3 weeks.  In patients We (case 2), W. Ale (case 5), and E. Ale (case 6), 
the hypersensitive state was apparently not established  until between the 2nd 
and 3rd months following convalescence.  These findings indicate that the skin 130  IMMUNITY IN MII~PS.  II 
test in most instances would be of no value in diagnosis since hypersensitivity 
is usually first apparent relatively late in convalescence and then only after a 
variable interval of time. 
No Relationship between Hypersensitivity and Complement-fixing Antibody.--A 
comparison of the times at which the complement-fixing antibody emerges and 
the skin test becomes positive gives no support to our original thought that the 
phenomena might be causally related.  In all the cases (cases 2, 4, 5, 6) where 
the data are sufficient, the complement-fixing antibody made its appearance 
before hypersensitivity could be demonstrated.  This was true even in case 4 
where both were noted within a few days following the onset.  That the interval 
between their respective appearances may be as long as 2 to 3 months is demon- 
strated by the findings in case 2 and case 3.  It is therefore impossible to regard 
the skin reaction as depending upon the mild injury induced by the union in 
v/vo of the antigen and antibody responsible for the fixation in vitro of comple- 
ment.  Further evidence for the independence of the hypersensitive state and 
the humoral factor was obtained in an experiment in which an attempt was 
made to effect local passive transfer of hypersensitivity.  Human convalescent 
serum of high titer in complement-fixing antibody was injected (0.2  ml.) into 
the skin of an individual who had previously failed to react to the skin test 
material.  After an interval of 24 hours, 0.1 ml. skin test material was injected 
into the same area.  No immediate or delayed reactions were noted.  Accord- 
ingly, local passive transfer of hypersensitivity by the technique of Prausnitz 
and Kuestner was not demonstrated. 
Hypersensitivity  Following Inapparent Infection.--In view of the facts which 
seem to have been established by the study of the first 6 patients, all of whom 
presented unmistakable signs of mumps, the observations in case 7 became of 
particular interest.  Here the same immunologic phenomena induced by the 
disease were noted but the individual at no time exhibited symptoms which 
could be definitely interpreted as mumps.  Opportunity for contact with the 
virus  was,  however,  continuous.  To  conclude,  therefore,  that  this  person 
experienced an inapparent infection appears to be warranted.  This demon- 
stration of the development of both complement-fixing antibody and dermal 
hypersensitivity in the absence of clinically recognizable signs of mumps is of 
basic significance in  respect to  the interpretation of these same phenomena 
which have been encountered in many normal individuals who have stated that 
they never had the disease.  Such direct evidence of an inapparent infection 
strongly supports that derived from the statistical analysis of results which have 
been obtained in large groups of normal persons (3, 4) and which also indicates 
that silent or inapparent infections are not uncommon. 
Duration  of the Hypersensitive State.--As yet precise information in respect 
to the duration of dermal hypersensitivity has not been secured.  From the 
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skin test material persists as long as the complement-fixing antibody.  Indeed 
in certain instances the allergic state may outlast the humoral factor.  Three 
of  the  individuals  (Ac,  Ed,  and  On)  mentioned on page  124,  all  of whom 
had undergone typical attacks of mumps from 1½ to 2 years previously, were 
tested  for dermal  hypersensitivity at  the  time  the  late  specimen  of serum 
was obtained.  They all exhibited marked reactions.  In the light of the evi- 
dence which has already been presented, it would seem reasonable to regard the 
hypersensitive state thus revealed after from 1½ to 2 years as dependent upon 
the observed infection.  In only 1 case,  however, is it possible  to be fairly 
certain of this relationship.  A skin test early in convalescence was done on Ac. 
This was positive.  With the exception, then, of the possibility that intervening 
unknown  contacts with  the virus may have served to maintain  the allergic 
state, one may conclude that the latter had endured a year and one-half follow- 
ing the disease.  Since on the other 2 persons no skin tests were carried out 
during convalescence, no direct evidence of this sort for the establishment of 
hypersensitivity following their mumps is available.  The person who experi- 
enced the inapparent infection (case 7) was skin-tested again about 1 year later 
and exhibited a  typical reaction.  Accordingly it is probable that in this case 
the allergy inaugurated by the silent infection had persisted for this length of 
time; but again it is impossible to be certain since she was handling the virus 
continuously during the interval and thus may have received repeated antigenic 
stimulation.  In the case of Ed mentioned above, no complement-fixing anti- 
body could be demonstrated 23 months after his mumps yet the skin test was 
positive.  This fact strongly suggests  that  dermal hypersensitivity had per- 
sisted longer than the antibody. 
Antigenicity of the Skin  Test MateriaL--It  is of considerable interest  that 
antibody was  found in a  specimen of Ed's serum which was  taken about 2 
weeks after the skin test had been carried out.  We have observed the same 
phenomenon in 4 of 5 other persons who were skin test-positive but antibody- 
negative.  On the other hand, we have failed to note it in 4 individuals who 
were skin  test-negative and  antibody-negative.  These  observations suggest 
that  the  skin  test  material  is  weakly antigenic;  capable  of stimulating  the 
production of antibody in certain of those who have previously been infected, 
but incapable of inducing de novo its formation in those who have not encoun- 
tered the virus. 
DISCUSSIOI~ 
In respect to mumps, neither specific diagnostic methods nor procedures for 
determining  susceptibility  or  resistance  have  hitherto  been  available.  The 
management of the case of the young child which occurs in the family or a 
small  group  of  other  children  would  usually  not  require  such  techniques. 
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children or enormous groups of young adults in military establishments, epi- 
demics of mumps may be extremely troublesome because of the loss of time 
occasioned by illness or the severe and painful nature of certain of the compli- 
cations.  It is here, then, that reliable methods for the diagnosis of atypical 
infections and the determination of immunologic status might be of value in 
controlling the spread of the disease.  The results of experiments in monkeys 
which have already been presented  (1)  indicated the  direction of studies  in 
human beings which might lead to the development of such methods. 
In the present communication it has been shown that in 48 typical cases of 
epidemic parotitis an antibody either developed de novo or increased in concen- 
tration during convalescence which reacted specifically to fix complement with 
an antigen present in the infected parotid gland of the monkey.  In our experi- 
ence so far, no patient if studied sufficiently early in the course of the disease, 
or followed sufficiently long during  convalescence, has  failed to exhibit this 
phenomenon.  With the exception of 2 individuals, antibody appeared within 
about 3 weeks following the onset.  In most instances which were studied by 
means  of repeated  tests,  antibody emerged or increased  greatly in  amount 
during the first 2 weeks following the onset.  In many cases it was discernible 
within 2  to 5 days after the disease was recognized.  Tests on specimens of 
sera taken from 34 of 48 persons with typical mumps either before the disease 
or during its early phase revealed no antibody.  In the remaining 14 the ini- 
tial or acute titers were all low and a  significant increase in antibody subse- 
quently was demonstrated.  Since it has been shown that antibody may appear 
within 1 or 2 days after the onset, it is highly probable that the patients who 
exhibited these initial low titers possessed no antibody at the time of infection. 
This point is important in relation to the evaluation of the complement fixation 
test as a means of determining susceptibility or resistance which will form the 
subject of a  subsequent paper (4).  Clearly if the initial low concentration of 
antibody was not in these susceptible individuals the result of the observed 
attack  but occasioned by earlier experiences with  the virus  or antigenically 
related agents or by unknown physiologic factors, the presence of antibody in 
a normal person could not necessarily be interpreted as an indication of resist- 
ance; or, conversely, its absence could not be construed as a mark of suscepti- 
bility. 
That the  antibody which has  been studied  appears  only as  the  result of 
infection with the virus of mumps was further shown by the failure to demon- 
strate its appearance or increase, if initially present, in acute febrile infections 
caused by other agents.  Its specific nature, then, is hardly to be questioned. 
In this regard also we have made no observation which suggests that different 
strains of mumps virus occur which may be distinguished by the method of 
complement fixation.  The sera of patients  obtained from different areas  of 
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as those derived from individuals in that area.  Studies in monkeys (1)  also 
failed to reveal any strain specificity in 5 viruses isolated in Boston. 
Concerning the persistence of antibody after recovery, the available  data 
are limited.  In 3  of 4  persons, however, who have been observed during a 
period of from  1½  to 2  years following attacks  of mumps the antibody had 
apparently remained, although, as to be expected, in greatly diminished con- 
centration.  This evidence is sufficient at least to establish the fact that an 
infection with the virus leaves for a relatively long period in certain instances 
unmistakable marks  of its passage.  On the other hand in an occasional in- 
dividual  the factor may decrease to a  level that  cannot be detected by the 
complement fixation test.  The antibody produced by a  silent or inapparent 
infection also  behaves  in  a  similar manner since  it has  been  shown  that  it 
developed in 1 individual exposed to the virus in the laboratory in whom spe- 
cific signs of mumps were not discerned. 
It would seem, then,  that we have here considerable assurance that when 
the antibody is demonstrated in the serum of an individual, it can be taken as 
evidence of infection, either manifest  or inapparent,  which  has  occurred at 
some time in the past.  In view of the fact that the immunity conferred by an 
" attack of the disease is usually extremely effective and enduring, it is logical 
to conclude that  the presence of this antibody which denotes past  infection 
should likewise signify in the great majority of instances a  state of resistance 
to reinfection. 
Since it is evident that in those cases which present the classical signs  of 
the disease antibody emerges with regularity and usually within a short time 
after the onset, a laboratory method of diagnosis becomes available by which 
presumptive  evidence  can  be  obtained  for  infection  with  mumps  virus  in 
patients who present atypical symptoms.  Thus the test should prove of value 
in the differential diagnosis of enlargement of the salivary glands which may 
be  due  to  other  causes  such  as  bacterial  infection,  calculi,  neoplasms, 
Mikulicz's disease, and physiological anomalies leading to the enlargement of 
the parotids in pregnancy or during menstruation.  Likewise the test should 
be of assistance in the etiologic definition of certain of those manifestations of 
infection with  mumps  virus  which  may  occur without  involvement  of  the 
salivary glands such as orchitis, ovaritis, and pancreatitis.  Its application to 
mumps  encephalitis will form the subject of the succeeding report (7).  Fi- 
nally, it may prove of value in determining the incidence of second attacks of 
mumps which, although extremely rare, have been reported in the literature. 
In  connection with  the  practical  diagnosis  of infection by means  of  the 
complement fixation test, the desirability of securing 2 specimens of serum at 
an interval of 1  to  2  weeks  should be emphasized for the following reason. 
Subsequently it will be shown that the titer of complement-fixing antibody in 
normal individuals who have not experienced an  attack  of mumps within a 134  ~ITY ~  ~trm,  s.  Ii 
year is nearly always less  than  1 : 192 and in the large majority of cases less 
than 1:96.  Accordingly if the titer of a single specimen of serum taken at 2 
to 3 weeks following the onset is 1 : 192 or higher, it strongly suggests that the 
individual has recently undergone an infection with the virus.  On the basis 
of  the  findings  recorded in  this  paper,  however,  such  infection could have 
taken place at any time within the immediately preceding months and possibly 
be quite unrelated to the illness under consideration.  On the other hand, if 
increase in  antibody can be demonstrated during  the  course of the  disease, 
the etiologic evidence would seem to be as definite as that afforded by any of 
the serologic methods employed in the recognition of other infectious diseases. 
Although  the  complement-fixing test would appear to be of assistance  in 
clinical diagnosis and although it represents, as will be shown hereafter (4), 
a reasonably reliable method for determining susceptibility to mumps in large 
groups,  its  use  in  this  latter  application,  although practicable,  nevertheless 
requires the assistance of a trained technician and the expenditure of consider- 
able time, labor, and costly material.  The observation, therefore, that certain 
individuals exhibit dermal hypersensitivity upon inoculation of small amounts 
of heat-inactivated virus appeared to provide a means of determining in a far 
simpler manner whether or not previous infection had occurred.  It was, how- 
ever,  necessary first  to  establish  the  fact  that  individuals  who  contracted 
mumps were not hypersensitive before the onset or during the acute stage, but 
became so regularly during convalescence or thereafter.  The results of studies 
on 6 cases of typical mumps which are described in this communication show 
that  these  relationships obtained in every instance.  Nevertheless it should 
be  stated  here that  further observations have  indicated  that  rarely hyper- 
sensitivity following the disease either does not develop or disappears with the 
passing of time (3).  In a few exceptional instances, also, individuals who have 
apparently exhibited  a  positive skin  test have  subsequently  experienced an 
attack of mumps (3).  On the whole, however, the presence of hypersensitivity 
has been found to correlate satisfactorily with a  state of resistance. 
The  immunologic mechanisms  underlying  the  antibody  reaction and  the 
hypersensitive  state  are  apparently  quite  distinct  since  antibody  appears 
before the development of sensitivity and an attempt to transfer such  sen- 
sitivity passively in  the human  being by means  of serum of high antibody 
content has failed.  A corollary of the studies on the time relationship of anti- 
body and hypersensitivity lies in the inadequacy of the skin test as a practical 
means of diagnosis, since it has been shown that dermal hypersensitivity may 
develop only several weeks after recovery and the emergence of antibody. 
The available data, although not extensive, indicate that the hypersensitive 
state, like the complement-fixing antibody, when once established persists in 
most individuals for at least 1½ to 2 years following recovery.  This fact is a 
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ity, at least, of "normal"  individuals who have in the past undergone apparent 
or inapparent infections; in other words, those who are presumably immune. 
CONCLUSIONS 
I.  A specific antibody, demonstrable by the technique of complement fixa- 
tion, regularly appears,  or increases in concentration, in  the sera  of human 
beings during an attack of mumps or during convalescence. 
2.  Specific dermal hypersensitivity, demonstrable by the injection of heat- 
inactivated mumps virus, has been shown to develop in 6 human beings after 
recovery from mumps. 
3.  Complement-fixing antibody and the hypersensitive state also emerge as 
a result of clinically inapparent infection with the virus of mumps. 
4.  These two phenomena are apparently unrelated in respect to immuno- 
logic mechanisms. 
5.  The  data presented indicate  that  the  complement fixation test should 
prove of value both in diagnosis and in the determination of immunity. 
6.  The skin test for dermal hypersensitivity, on the other hand, becomes 
positive after recovery and therefore would appear to be useful only as an index 
of resistance. 
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